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RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

OF 
CHROMO/4  STUDY  SITE 
OTTER  CREEK  COALFIELD,   MONTANA 


INTRODUCTION 


The  nations  ever  increasing  need  for  energy  has  focused  attention  on 
the  abundant  low  sulphur  coal  resources  in  the  Western  States,  primarily 
the  Rocky  Mountain  and  the  Northern  Great  Plains  regions,  due  to  the 
abundance,  ease  of  extraction,  and  the  quality  of  the  coal  present.   It 
is  the  responsibility  of  the  Bureau  of  Land  Management  to  assist  in 
meeting  the  nation's  energy  demands  and,  at  the  same  time,  provide  for 
reclaiming  surface  mined  lands. 


Purpose 


This  study  will  provide  data  for  developing  reclamation  objectives  at  a 
potential  coal  leasing  area.   The  site  was  selected  to  determine  if  exist- 
ing data  collected  for  the  nearby  Otter  Creek  Study  Site  (EMRIA  No.  1) 
could  be  correlated  or  projected  throughout  the  Otter  Creek  Coalfield. 


Authority 


This  report  is  prepared  in  accordance  with  Section  4  of  the  Agreement 
between  the  Bureau  of  Land  Management  and  the  Bureau  of  Reclamation 
dated  May  7,  19  74. 


Location 


The  Chromo/4  Site  is  located  in  Powder  River  County,  about  12  miles 
(19.4  km)  southeast  of  Ashland,  Montana.   The  site  includes  all  of  Section 
4,  T.  5  S.,  R.  45  E.   It  is  1.5  miles  (2.4  km)  southwest  of  the  Otter  Creek 
East  Study  Site  which  was  completed  in  1976.   Plate  1  shows  the  general 
location  of  all  study  sites  in  the  Otter  Creek  Coalfield. 

The  Federal  Government  owns  all  coal  deposits  in  the  site.   The  surface  is 
privately  owned. 
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CLIMATE 


The  Chromo/4  Study  Site  is  in  the  Otter  Creek  geographical  area  which 

has  a  continental-type  climate.   It  is  cold  in  the  winter,  warm  in  the 

summer  and  large  daily  variations  are  common.   Elevation  at  the  site 

ranges  from  3155  (961)  to  3400  ft.  (1036  m) .   The  Broadus  weather  station 

at  elevation  3030  ft.  (924  m)  receive  an  average  of  14.2  inches  (361  mm) 

of  precipitation  annually  and  Birney,  at  elevation  3190  ft.  (973  m)  receives 

an  average  of  13.7  in.  (348  mm)  annually.   Torrential  rainstorms  are 

common  and  unprotected  soil  surfaces  may  erode  severely  during  these  storms. 

These  storms,  though  common,  may  not  cover  large  areas.   Hailstorms 

occasionally  cross  the  area,  but  these  weather  extremes  do  not  place  the 

area  in  any  particular  type  storm  belt.   About  53  percent  of  the  precipitation 

falls  as  rain  during  the  growing  season.   Growth  of  native  range  is  rapid 

during  May  and  June  which  are  the  wettest  months  of  the  year.   Precipitation 

data  from  the  Otter  weather  station  27  miles  (43.5  km)  southwest  of  this 

site  follow: 


Annual 

19.10  !/  inches 

'485.1      millimeters 

The  elevation  of  the  Otter  station  is  4000  ft.  (1219  n) . 

The  frost-free  period  (32°F  or  0°C)  ranges  from  108  days  at  Birney  to 
120  days  at  Broadus.   The  growing  season  for  hardy  grasses  (28°F  or 
-2.2  C)  in  average  years  begins  May  10  at  Birney  and  ends  131  days 
later  on  September  19.   Following  the  spring  rains,  July  is  hot,  dry 
and  windy  with  excessive  evaporation  and  evapotranspirat ion  rates. 
Humidity  is  low.   During  the  months  of  June,  July  and  August,  about 
32  days  have  a  temperature  of  74°F  (23.3°C)  or  higher.   Average  monthly 
temperatures  exceed  51°F  (10.6°C)  in  May,  June,  July,  August,  September 
and  October.   July  with  an  average  temperature  of  74°F  (23.3°C),  is 
the  hottest  month  and  May  and  October  with  51°F  (10.6°C)  are  the  cool- 
est growing  season  months. 

The  climate  in  the  Otter  Creek  area  in  most  years  is  suited  for  recla- 
mation of  surface-mined  land  because  the  spring  rains  are  generally 
adequate  for  establishing  stands  of  native  vegetation.   The  13.7  (348) 
to  14.2  in.  (361  mm)  of  precipitation  received  in  average  years  meet 
the  requirement  of  range  vegetation  which  grows  rapidly  in  the  late 
spring  and  early  summer.   This  moisture  from  natural  precipitation  is 
usually  depleted  by  established  native  grasses  in  6  to  8  weeks  and  the 
plants  mature  and  become  dormant.   Consumptive  use  data  in  Table  1 
show  native  grasses  could  use  22.5  inches  (572  mm)  of  moisture  if 

1/   The  Otter  station  is  several  hundred  feet  higher  chan  this  study 
site.   The  apparent  effect  is  an  increase  in  the  precipitation 
especially  during  the  nongrowing  season. 
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available;  but  it  also  shows  that  13.9  Inches  (353  mm),  or  the  average 
annual  precipitation  could  be  used  by  July  15.   Table  1  prepared  for 
the  Otter  Creek  Study  Site  also  represents  the  potential  comsumptive 
use  in  this  site. 

Reclamation  of  surface-mined  land  is  very  difficult  in  areas  that 
consistently  receive  10  in.  (254  mm)  or  less  of  precipitation  each 
year.   In  this  area,  years  that  receive  less  than  the  average  annual 
precipitation  are  not  common.   The  Broadus  station  reported  less 
than  10  in.  (254  mm)  only  three  times  in  the  last  37  years  and  Birney 
only  once  in  the  last  21  years. 


PHYSIOGRAPHY 


The  Chromo/4  Study  Site  is  in  the  unglaciated  portion  of  the  Great 
Plains  physiographic  province.   Relief  in  the  area  ranges  from  3755  ft. 
(961  m)  on  Chromo  Creek  in  the  eastern  part  of  the  area  to  over  3400  ft 
(1036  m)  in  the  southwestern  part  of  the  section.   Topography  varies 
from  flat  to  gentle  slopes  along  parts  of  the  Chromo  Creek  Valley  floor 
to  a  steep  semi-badland  type  at  the  higher  elevations  where  erosion  of 
the  underlying  soft  shale  and  weakly  cemented  sandstone  has  been  severe, 
Drainages  in  the  area  have  developed  along  a  dendritic  pattern  leading 
into  Chromo  Creek  which  trends  easterly  to  Otter  Creek,  a  tributary  of 
the  Tongue  River.   Photographs  1  through  3  show  the  typical  terrain  in 
the  study  site. 
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Photograph  2  -  Chromo/4  Study  Site  -  Otter  Creek  Coalfield,  Montana. 

View  of  sandstone  capped  butte  in  southwest  quarter  of  Section  4,  T.  5  S., 

R.  45  E.   Odell  (?)  clinker  crops  out  about  halfway  up  scarp. 

U.  S.  Bureau  of  Reclamation  photograph  11/16/77 


'**#**. 


Photograph  3  -  Chromo/4  Study  Site  -  Otter  Creek  Coalfield,  Montana. 
View  looking  downstream  into  the  ravine  in  the  northeast  quarter  of 
Section  4,  T.  5  S.,  R.  45  E.   Photograph  taken  from  Drill  Hole  77-101, 
U.  S.  Bureau  of  Reclamation  photograph  11/16/77 


GEOLOGY 
Regional  Geology 

The  Chromo/4  Study  Site  is  located  in  the  northern  part  of  the  Powder 
River  Basin  in  southeastern  Montana.   This  basin,  a  part  of  the  un- 
glaciated  portion  of  the  Great  Plains  physiographic  province,  is  about 
225  miles(362  km)  long,  extending  from  the  Yellowstone  River  in  Montana 
to  the  North  Platte  River  in  Wyoming.   It  is  about  90  miles(145  km)  in 
width,  bounded  on  the  west  by  the  Bighorn  Mountains  and  on  the  east  by 
the  Black  Hills.   Structurally,  the  basin  is  an  asymmetrical  syncline 
with  a  northwestward  trending  axis.   An  estimated  18,000  feet(5486  m)  of 
sediments  overlie  the  basement  complex  in  the  deepest  part  of  the  basin 
north  of  Glenrock,  Wyoming. 

The  geologic  history  of  the  area  since  Precambrian  time  includes  periods 
of  deposition,  deformation,  and  erosion.   During  the  Paleozoic  and  Meso- 
zoic  Eras,  a  sequence  of  carbonates,  sandstones,  and  shales  was  deposited 
throughout  Montana  and  Wyoming.   Thickness  of  these  sediments  on  the  west 
side  of  the  basin  varies  from  9,000  feet(2743  m)  near  Yellowtail  Dam  to 
11,500  feet(3505  m)  near  Buffalo,  Wyoming.   About  6,500  feet(1981  m)  of 
Paleozoic  and  Mesozoic  sediments  are  present  in  the  Black  Hills  area  on 
the  east  side  of  the  basin. 

The  area  was  relatively  stable  during  these  periods  with  deposition  usually 
occurring  in  a  marine  enviromont.   Deformation  of  strata  began  with  the 
Laramide  Revolution  near  the  close  of  the  Mesozoic  Era  (Late  Cretaceous) , 
at  which  time  mountain  masses  such  as  the  Bighorns  and  Black  Hills  were 
uplifted.   Uplift  continued  throughout  Paleocene  and  gradually  ended  in 
Eocene  time.   Materials  stripped  from  the  mountains  were  deposited  in  fans 
or  sheets  across  the  basin  floors,  gradually  burying  tzhe  flanks  of  the 
mountains  in  their  own  debris.   By  the  middle  of  the  Cenozoic  Era,  the 
basins  were  largely  filled  and  the  mountains  peneplained.   In  Pliocene  time, 
a  broad  regional  uplift  occurred  and  continued  intermittently  into  Pleistocene 
time.   This  uplift  raised  the  previously  developed  peneplain  surface  to 
elevations  of  about  10,000  feet  (3048  m)  in  the  Bighorn  Mountains .   Streams 
rejuvenated  by  the  uplift  excavated  the  basins  and  exhumed  the  buried 
mountain  masses. 

Today,  Precambrian  rocks  are  exposed  in  the  cores  of  che  Black  Hills  and 
Bighorn  Mountains.  These  rocks  are  surrounded  by  sediments  of  Paleozoic 
and  Mesozoic  Age.  The  central  part  of  the  basin  is  filled  with  Cenozoic 
(Tertiary)  sediments. 


Site  Geology 
Investigations 


Previous  geologic  investigations  have  been  conducted  in  the  general 
area  by  the  U.  S.  Geological  Survey  and  the  Montana  Bureau  of  Mines 
and  Geology.   A  list  of  relevant  maps  and  publications  follows: 

1.  U.S.G.S.  Bulletin  1072-J  -  Reconnaissance  Geology  of  the 
Birney-Broadus  Coal  Field,  Rosebud  and  Powder  River  Counties,  Montana. 

2.  U.S.G.S.  Miscellaneous  Field  Studies  Map  MF-802  -  Willow 
Crossing  Quadrangle,  Montana. 

3.  U.S.G.S.  Miscellaneous  Field  Studies  Map  MF-807  -  Fort  Howes 
Quadrangle,  Montana. 

4.  U.S.G.S.  Miscellaneous  Field  Studies  Map  MF-814  -  Browns 
Mountain  Quadrangle,  Montana. 

5.  U.S.G.S.  Miscellaneous  Field  Studies  Map  MF-817  -  King 
Mountain  Quadrangle,  Montana. 

6.  Montana  Bureau  of  Mines  and  Geology  Bulletin  69  -  Strippable 
Coal  Deposits  on  State  Land   Powder  River  County,  Montana. 

7.  Montana  Bureau  of  Mines  and  Geology  Bulletin  91  -  Quality 

and  Reserves  of  Strippable  Coal,  Selected  Deposits,  Southeastern  Montana, 

Geologic  investigations  were  conducted  at  the  Chromo/4  Study  Site  by 
the  U.  S.  Bureau  of  Reclamation  during  November  and  December  of  1977. 
Investigations  included  mapping  the  surface  geology  and  drilling  one 
core  hole.   Drill  cores  were  tested  by  the  U.S.B.R.  Soils  Laboratory 
for  suitability  in  reconstructed  profiles.   Results  of  the  tests  are 
graphically  shown  on  the  geologic  log.   Detailed  geologic  mapping  was 
done  in  the  field  on  aerial  photographs.   The  data  were  transferred  to 
a  topographic  map  and  are  shown  on  Plate  2.   A  detailed  geologic  log 
for  Drill  Hole  77-101  is  included  in  this  report  (Plate  3) . 

Core  drilling  was  performed  using  a  Failing  Model  314  rotary  drill  rig 
with  an  "H"  series  wire  line  core  barrel.   Water  from  Otter  Creek  was 
used  as  the  drilling  fluid.   Test  results  conducted  by  the  U.S.B.R. 
Soils  Laboratory  in  Miles  City,  Montana,  indicated  that  the  total 
dissolved  solids  in  the  water  supply  was  about  1900  parts  per  million 
(1900  mg/1) . 
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Stratigraphy 


The  Fort  Union  Formation  of  Paleocene  Age  underlies  the  entire  area. 
It  is  divided  into  the  Tuilock,  Lebo  and  Tongue  River  Members.   The 
Tullock  and  Lebo  Members  are  not  discussed  in  this  report  as  they  are 
not  exposed  and  were  not  encountered  in  drilling.   Except  for  alluvium, 
only  sediments  in  the  lower  part  of  the  Tongue  River  Member  are  involved 
in  the  study  area.   The  upper  part  of  the  Tongue  River  and  younger  rock 
have  been  stripped  away  by  erosion.   Brief  descriptions  of  the  Cenozoic 
sediments  involved  in  the  site  follow: 

Fort  Union  Formation  (Paleocene) 

Tongue  River  Member  -  pale  olive  to  yellowish  gray  sandstone,  silt- 
stone,  shale,  carbonaceous  shale  and  coal  with  thin  lenticular 
calcareous  or  siliceous  cemented  concretions.   Unweathered  samples 
vary  from  light  to  dark  gray  in  color.   Poorly  silicified,  fragmented 
tree  trunks  and  soft,  calcareous  shell  fragments  are  common  in  zones. 
Sandstones,  even  though  uncemented,  tend  to  be  resistant  in  outcrops. 
Shale  and  siltstone  zones  generally  form  slopes  below  sandstone  ledges 
Coal  and  carbonaceous  beds  are  generally  traceable  over  large  areas. 
Conversely,  correlation  of  clastic  sediments  over  short  distances  is 
difficult  due  to  variation  in  bedding  thickness  and  lithologic  changes. 
Tongue  River  sediments  were  deposited  in  a  continental  environment 
which  included  swamps  conducive  to  the  production  of  coalbeds . 
Thickness  of  this  member  varies  from  1150  (350)  to  1900  feet  (579  m) 
in  the  Montana  portion  of  the  Powder  River  Basin. 

One  striking  feature  in  the  Tongue  River  Member  is  the  resistant 
clinker  zones  that  cap  ridges  or  armor  valley  walls.   The  clinker, 
which  is  fused  or  baked  rock,  was  produced  by  the  burning  of  under- 
lying coalbeds  along  their  outcrops.   In  places  where  the  heat  was 
sufficiently  intense,  the  clinker  has  been  fused  to  a  dark  gray, 
lightweight  rock  similar  in  appearance  to  vesicular  basalt.   Near, 
the  outer  edge  of  thermal  metamorphism,  the  rock  is  disoriented, 
baked  and  red  to  orange  in  color.   Alteration  of  the  overlying 
material  is  roughly  proportional  to  the  original  thickness  of  coal 
that  has  burned.   A  coalbed  20  feet  (6.1  m)  thick  will  produce 
clinker  zones  40  (12.2)  to  60  feet  (18.3  m)  thick.   The  clinker  is 
highly  permeable  and  locally  supplies  water  for  springs  and  wells . 

The  most  prominent  clinker  deposit  near  the  study  site  was  produced 
by  burning  of  the  Knoblock  coalbed  as  shown  on  Plate  2.   A  second 
minor  clinker  produced  by  burning  of  the  Odell  coalbed,  lies  150  (46) 
to  250  feet  (76  m)  above  the  Knoblock  coal  in  the  southwest  part  of 
the  study  site. 


Only  the  Knoblock  coalbed  is  of  ecomomic  significance  at  the 
Chromo/4  Study  Site.   The  Knoblock  thins  and  splits  into  several 
benches  between  the  Otter  Creek  Study  Site  (EMRIA  No.  1)  and  the 
Chromo/A  and  Dam  Creek  Study  Sites,  respectively  located  about 
6  (9.6)  and  7  miles  (11.3  km)  southward.   For  locations,  see 
Plate  1.    At  the  Otter  Creek  Study  Site,  the  Knoblock  averages 
about  61  feet  (18.6  m)  thick.   At  the  Otter  Creek  East  Site,  a 
distance  of  3(4.8)  to  4  miles  (6.4  km)  southward,  the  Knoblock 
splits  into  an  upper  and  lower  bench,  45  (13.7)  and  17  feet  (5.2  m) 
thick,  respectively.   At  the  Dam  Creek  Site,  about  2  miles  (3.2  km) 
south  of  the  Otter  Creek  East  Site,  the  upper  bench  of  the  Knoblock 
thins  to  about  24  feet  (7.3  m)  thick  and  geologic  data  in  the  Montana 
Bureau  of  Mines  and  Geology  Bulletin  91  indicates  that  lower  benches 
of  the  Knoblock  are  insignificant.   At  the  Chromo/4  Site,  about 
lh   miles  (2.5  km)  southwest  of  the  Otter  Creek  East  Site,  the  Knoblock 
splits  into  five  main  benches.   In  descending  order  they  are  about 
6  (1.8),  26  (7.9),  7  (2.1),  2  (.6)   and  10  feet  (3  m)  thick. 

Alluvium  (Holocene)-  deposits  of  clay,  silt,  sand  and  gravel  that 
cover  valley  floors  of  Otter  Creek  and  its  tributaries.   Gravels 
are  generally  composed  of  clinker  or  hard  shale  and  sandstone 
fragments.  The  deposits  are  up  to  20  feet  (6.1)  thick. 


Structure 

Sediments  at  the  Chromo/4  Study  Site  and  in  the  surrounding  Otter  Creek 
Coalfield  are  generally  flat  lying  with  minor  folding  evident  on  the 
surface  and  on  subsurface  contour  maps  constructed  using  drill  hole 
information.   Some  of  the  structural  irregularities  may  be  of  a  depositional 
nature  while  others  may  be  due  to  differential  compaction  of  the  underlying 
strata. 

Small  local  faults  exist  in  the  area  as  indicated  by  slickensides  en- 
countered in  the  drill  core.   They  are  generally  restricted  to  weak, 
plastic  carbonaceous  shales  immediately  above  or  below  coalbeds . 
Displacement  along  the  fractures  could  not  be  determined  but  probably 
does  not  exceed  5  feet  ( 1 . 5  m) .   No  faulting  was  observed  during  surface 
mapping. 

Paleontology 

Occasional  poorly  silicified  tree  fragments  and  pieces  of  unidentified 
calcareous  shells  were  found  on  the  surface  of  the  area.   However, 
nothing  of  significance  was  observed. 

Engineering  Geology 

Engineering  property  tests  were  not  conducted  on  bedrock  samples  from 
the  Chromo/4  Study  Site.   However,  physical  properties  of  these  sediments 
should  be  similar  to  the  results  obtained  for  Fort  Union  samples  at  the 
Otter  Creek  Study  Site  (EMRIA  Report  No.  1)  by  the  U.  S.  Geological  Survey. 
Shear  strengths  of  the  materials  are  low,  especially  in  a  saturated  condition 


Slides  could  easily  develop  adjacent  to  high  walls  in  surface  mines, 
namely  along  beds  of  weak,  plastic,  carbonaceous  shales,  which  are 
typically  cut  by  inherent  slickensides .   Adequate  drainage  should  be 
insured  to  relieve  porewater  pressures  in  the  overburden  as  mine 
excavations  progress. 

Saturated  alluvial  deposits  and  uncemented  siltstones  and  fine  grain 
sandstones  will  readily  erode  and  flow  into  excavations.   This  problem 
is  occasionally  encountered  in  drilling  when  the  walls  of  holes  continue 
to  collapse  and  slough.   Depth  of  excavation  below  the  water  table  will 
be  limited  until  these  materials  are  unwatered. 

Excavation  slopes  will  vary  considerably  between  mine  sites  and  will  depend 
upon  exposure  time,  moisture  conditions,  material  types  and  depth  of  cut. 
Detailed  engineering  studies  of  the  overburden  will  be  required  at  each 
location  for  use  in  determination  of  designed  slopes. 

Studies  conducted  at  the  Otter  Creek  Study  Site  indicate  that  disturbed 

overburden  (spoil  banks  and  piles)  should  have  slopes  not  greater  than 

4  to  1  with  berms  of  50  (15)  to  100  feet  (30.1  m)  in  width  designed  on  the 
slope  surface. 

Coal  Resources 

Coal  Analyses 

The  proximate,  ultimate,  Btu  and  sulfur  forms  analyses  were  completed 
by  Northern  Testing  Laboratories  in  Billings,  Montana,  on  one  composite 
sample  (DH77-101  at  depths  143.9-149.7,  154.5-180.8,  182.0-188.9  and 
21S.3-225.6  feet  or  43.9-45.6,  47.1-55.1,  55.5-57.6  and  65.6-68.8  meters) 
from  the  study  site.   Test  results  are  shown  Table  2.   Results  indicate 
that  the  coal  is  of  Subbituminous  C  rank  with  heat  value  of  8290  Btu  as 
received.   The  ash  and  sulfur  content  as  received  is  3.66  and  0.32 
percent,  respectively. 

Estimation  of  Coal  Resources 

The  term  "coal  resources"  is  defined  as  the  estimated  quantity  of  coal 
that  is  currently  or  potentially  economically  mineable.   Resource  estimates 
have  been  prepared  for  the  Chromo/4  Study  Site  using  standard  procedures 
and  are  presented  on  Table  3. 

The  quantities  shown  are  categorized  as  demonstrated  resources  and  are  the 
sum  of  measured  and  indicated  resources.   They  contain  coal  for  which 
estimates  of  rank,  quality  and  quantity  are  known  and  coal  for  which  estimates 
have  been  at  least  partly  computed  using  reasonable  geologic  projections. 

Table  3  shows  coal  reserves  for  the  Knoblock  coalbed  which  at  the  Chromo/4 
Study  Site  is  divided  into  three  main  sets  of  beds  -  the  upper,  middle  and 
lower  coalbeds.   Because  of  their  closeness,  the  quantities  for  the  Upper 
Knoblock  and  the  Middle  Knoblock  have  been  combined.   The  quantity  for 
the  Lower  Knoblock  is  shown  separately. 


Nearly  all  of  the  study  site  is  covered  with  less  than  200  feet  (61  m) 
of  overburden  above  the  Upper  Knoblock  (Plate  A) .   Table  3  divides  the 
coal  reserves  of  the  Upper  and  Middle  Knoblock  coalbeds  into  quantities 
covered  by  set  ranges  of  overburden  thicknesses. 

Two  thicknesses  of  interburden,  one  below  the  Upper  Knoblock  and  one 
split  in  the  Middle  Knoblock  are  not  included  in  the  stripping  ratios 
shown  in  Table  3.   This  is  noted  in  the  footnotes  section. 

The  interburden  between  the  Middle  and  Lower  Knoblock  coalbeds  averages 
about  40  feet  (12.2  m)  at  the  study  site  and  quantities  and  stripping 
ratios  have  been  figured  separately  for  it. 
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On  March  15,  1978,  this  coal  sample  was  delivered  to  our 
laboratory  with  instructions  to  perform  the  following  analyses. 

TEST  RESULTS: 


Drill  Hole 
Area 
Depth,  ft. 

Lab  No. 


77-101 

Otter  Creek  -  Chromo  k 

1^3.9-1^9.7;  15^.5-180.8; 

Coa 1  Compos  i  te 

10^72 


182.0- 


1.9;  215.3-225.6 


_  A°a 

%   Moi 
As 
Air 
Ove 

%   Ash 
As 
Air 
Ove 

%   Vo 
As 
Air 
Ove 

%    Fix 
As 
Air 
Ove 

%    Sul 
As 
Air 
Ove 

BTU, 
As 
Ai 
Ove 

BTU, 
Ash 


ys  1  s 


Prox  i  ma te 


sture : 
Rece  i  ved 

Dry  Loss 
n  Dry  Loss 

Rece  i  ved 

Dry 
n  Dry 
at i le: 
Rece  i  ved 

Dry 
n  Dry 

ed  Carbon: 
Rece  i  ved 

Dry 
n  Dry 
fur: 
Rece  i  ved 

Dry 
n  Dry 

per  pound : 
Rece  i  ved 

Dry 
n  Dry 

per  pound : 
,  moist  free 


31.90 
18.98 
15.95 

3.66 

<4.52 

5.38 

26. A3 
32.63 
38.81 

38.01 
A6.90 
55.81 

0.32 
0.39 
0.A6 

8,290 
10,233 
12,175 

12,867 


Ul t  imate 

Sulfur  Forms 

% 

Carbon : 

% 

Pyr  i  t  i  c  Su 1 f ur : 

As  Received 

<*8 

<<7 

As  Received 

0 

02 

Ai  r  Dry 

59 

83 

Ai  r  Dry 

0 

02 

Oven  Dry 

71 

18 

Oven  Dry 

0 

02 

% 

Hyd  rogenv':"  : 

% 

Su 1  fate  Sul fur  : 

As  Received 

6 

69 

As  Received 

0 

01 

Ai  r  Dry 

5 

63 

Air  Dry 

0 

01 

Oven  Dry 

k 

58 

Oven  Dry 

0 

01 

% 

Ni  trogen : 

% 

Organ  i  c  Sulfur: 

As  Received 

0 

85 

As  Received 

0 

29 

Ai  r  Dry 

1 

05 

Air  Dry 

0 

36 

Oven  Dry 

1 

25 

Oven  Dry 

0 

A3 

% 

Oxygen"'-'-' : 
As  Received 
Air  Dry 
Oven  Dry 

28 
17 

01 
58 
15 

'■'•"Includes  coal  moisture  content  in 
accordance  with  ASTM  D3176. 


Note: 


Multiply  feet  by  0.3048  to  obtain  meters 

Multiply  r.tu/pound  x  1.80  to  obtain  kilogram-calories 

/kilogram 


4J         o    « 


Tabli 


<N| 


<c 

a 

CO 

=3 

,o 

CM 

> 

j 

Q 

X3 

3 

£2 

W 

p 

u 

2 

^J 

> 

c 

40 

m 

2 

w 

< 

o 

^r 

W 

04 

C 

■— 

r— 

OJ 

G 

cj 

o 

<£j 

M 

1— I 

04 

< 

co 

3 

X 

5 

J 

03 

24 

C_> 

>- 

< 

04 

W 

o 

CJ 

a 

C 

w 

Pn 

J 

w 

3 

to 

E-" 

03 

04    0-    H 

Z 

CO 

O 

O   to 

f>4 

ui 

M 

2 

2 

c 

CO 

J 

W 

O 

M 

<U 

c 

XI 

< 

~T 

w 

P 

H 

X) 

o 

u 

M 

04 

E-- 

2 

W 

}-( 

•H 

cO 

H 
2 

O 

C_> 

,. 

< 

g 

Q 

J3 

>H 

W 

o 

04 

<r 

2 

< 

Q 

J-i 

•H 

CJ 

H 

04 

04 

04 

M 

<D 

•H 

O 

3C 

H 

2 

O 

CO 

s 

> 

o 

,n 

P< 

U 

H 

o 

04 

W 

3 

C 

04 

o 

O 

f-1 

« 

CJ 

2 

b 

04 

< 

<£ 

< 

04 
CO 

W 

04 

w 

O 

eg 

u 

0-. 

04 

3 

to 

£ 

X) 

C 

04 

OJ 

ON 
CM 

O 

in 

-3" 
CN 

o 

CO 

CN 

m 
-a- 

CM 

~3- 
NO 

nO 

-a- 

nO 

n£ 

<J- 
NO 

NO 

CO 
U 

oi 
> 

< 

-a-  o 
no  -a- 

CN 

m 

c 

CNI 

CO 
ON 

Oil  — i 

H    IN 

|nO 

—1 

o  --i   n  vj  iTl    CM 


o 

o 

-a- 

en 

NO 
CM 

-a- 

00 

CO 

ON 
CM 

<r 

NO 
CM 

NO 

NO 

o 

-t    CM 

r^. 

00 

ON 

CM 
CM 

o 

ON 

T    u~l 

CO 

1/1 

^ 

ON 
CO 

o  o  uo  o 


m  o  + 

— I    CM    O 


O 

Tl 

c 

c 

c 

S-i 

0) 

« 

o 

CO 

o| 

TO- 

•H 

^ 

ll 

l-l 

r-1 

CO 

3 

01 

i-H 

CJ 

w 

JO 

2 

■H 

•H 

oa 

l-l 

o 

s 

JO 

_) 

QJ 

ij 

3 

< 

4-t 

CJ 

o 

c 

~3 

u 

H 

CO 

^ 

o 

0) 

o 

1 — 1 

_3 

■a 

w 

XI 

o 

•H 

2 

S! 

M      01 

H 

> 

TJ     iJ 

3 

C    a) 

o 

co    en 

■H 

4*2 

-o 

JO 

a 

TJ 

•H 

•H 

CO 

43 

^. 

o 

H 

c 

o 

OJ 

OJ 

Ji 

> 

01 

CJ 

•H 

3 

o 

■U 

4-1 

.— 1 

CO 

0) 

JO 

4-1 

00 

o 

c 

c 

0) 

>4 

CO 

qj 

0) 

TJ 

i-l 

M 

M 

OJ 

<o 

3 

3 

OJ 

JO 

o 

04 

0) 

hJ 

•a 

4-1 

T> 

01 

c 

c 

S 

1— 1 

CO 

3 

»TOH 
<r     C    0-, 


co   aj   co 


O 

0) 

--. 

C 

J3 

01 

30 

c 

01 

X! 

1 

o 

TJ 

i-H 

CO 

tn 

I-l 

iH 

T. 

TJ 

3 

■H 

c 

0) 

_o 

I-l 

o 

a 

CO 

I-l 

TJ 

CO 

CO 

OJ 

c 

; 

JO 

4-1 

TJ 

■> 

C 

C 

G 

CO 

OJ 

•H 

CO 

J3 

OJ 

OCJ 

CO 

CO 

■H 

CO 

w 

TJ 

■ — 1 

TJ 

I-l 

H 

c 

c 

CO 

3 

OJ 

O 

CO 

•—I 

it 

4-1 

> 

2 

c 

1 

NO 

CO 

CO 

OJ 

r^ 

CM 

TJ 

TJ 

. 

TJ 

X 

o 

i-H 

OJ 

o 

>-• 

Q 

OJ 

4-1 

■H 

2 

Pi 

■H 

40 

4-1 

J3 

OJ 

0-. 

00 

CO 

1-4 

r-H 

TJ 

■H 

^i 

01 

O 

C 

CO 

01 

> 

J3 

CO 

3 

3 

i— < 

o 

O 

4-1 

CO 

r-4 

r*. 

OJ 

I-l 

CO 

3 

i— 1 

<■ 

c 

o 

TJ 

.—1 

•H 

O 

CO 

D. 

CO 

•H 

CO 

P 

i— i 

r— \ 

01 

•H 

> 

o 

^a 

Pd 

i— t 

|J 

•H 

o 

01 

g 

TJ 

CJ 

CO 

C 

U-l 

o4 

ON 

CO 

•I-l 

o 

•H 

o 

CO 

•H 

-C 

JO 

05 

O 

£ 

4-1 

CO 

^4 

CO 

OJ 

01 

CO 

Pi 

cw 

OJ 

c- 

QJ 

CO 

o 

ot 

c 

3 

«* 

CO 

co 

-N4 

CM 

CJ 

CO 

I-l 

QJ 

c 

e 

m 

0) 

I-l 

•H 

o 

o 

CO 

TJ 

> 

CJ 

-C 

u 

CT! 

E-i 

'4^ 

P* 

-3 

CO 

JO 

a: 

CO    -H 

o 

O 

CJ 

JO 

c 

o 

Sj     c 

co 

w 

JO 

01      QJ 
D.  TJ 

CO 

QJ 

o 
c 

a.  i-i 

3     3 

QJ 

CM) 

TJ 

M 

v-.   40 

CO 

TJ 

l-l 

c 

>-i 

•H 

01 

4-1       QJ 

3 

aj 

£ 

i-H 

0)      4-1 

o 

> 

TJ 

0)     C 

43 

cfl 

TJ 

TJ 

U-4     -H 

CO 

C 

■H 

TJ 

CO 

S 

— 1      CO 

— I    -H 

CO 

o 

JO 

C    O    H    4-i    co 


CO      "4-1     4-1      O- 

W      O     01     D. 
H 

o 

2 
H 
O 
O 

0- 


CNO  M 
C     CJ 
•H     O 
l-l    i-H     O.  i-l 

a.  jo 


cu  co  jo    co 


0)    co 
3 


cj  co  C    ti 

■H  -H     nj 

J3     4-1  J3     >  H    J.      3 

4-1       3  4J               -4-10 

O  -H  ^-n  hJ 

^H    JO  3     CO  4-1     C 

CO       CO  4J  OJ     -ri    C|4 

O  C  Tl  «                 O 

O     CO  OJ  H  CM    TJ 

0)  TJ     CO-  QJ     CO 

TJ     OC  1-4     CO  NO    TJ     CO 


CO| 


CO    N    CJ    \0 

<■  -a   r--   -a- 

O  O   O   nC 


o  o  o  o 


i4-  <:  e-i  cj 


LAND  CLASSIFICATION 

Land  classification  is  a  systematic  appraisal  of  lands  for  a  specific 
purpose.   In  this  classification,  lands  were  grouped  in  classes  1,  2, 
3  or  6  based  on  their  physical  and  chemical  properties  that  related 
to  their  use  for  plant  media  in  reclaiming  surface-mined  land.   Speci- 
fications are  on  Table  4. 

Description  of  the  Land 

The  principal  natural  land  bodies  consist  of  residual  soils  with  some 
colluvial  and  alluvial  soils  of  local  origin.   Within  each  soil  type 
there  is  a  range  of  physical  and  chemical  properties.   In  this  site 
colluvial  soils  are  the  most  uniform  and  residual  soils  are  the  most 
diverse.   The  principal  land  condition  represented  by  each  soil  group 
is  described  separately. 

Alluvial  Soils 

The  alluvial  soils  in  this  site  are  along  the  channel  of  small  inter- 
mittent upland  natural  drains.   Surface  gradients  range  from  0  to  6 
percent.   The  vegetative  cover  is  largely  mid  and  short  grasses  with 
scattered  big  sage  and  a  few  forbes. 

Weakly  developed  loamy  soil  profiles  are  most  common.   This  material 
is  permeable,  retains  up  to  2  inches  (51  mm)  of  water  per  foot  (.3  m) , 
is  well-drained,  and  is  relatively  stable.   Precipitation  enters  and 
moves  through  this  soil  readily;  therefore,  surface  runoff  and  erosion 
are  minimal.   The  vertical  water  movement  has  usually  leached  the  sol- 
uble salts  below  24  inches  (.6  m) .   Free  carbonates  occur  just  below 
the  surface  layer  and  the  subhorizons  are  often  saline  and  may  be 
gypsif erous . 

These  soils  are  well  suited  for  use  as  plant  media.   However,  they  occupy 
less  than  1  percent  of  the  study  site. 

Colluvial  Soils 

The  colluvial  soils  are  on  footslopes  of  small  natural  drains  and  fans  in 
the  upland.   They  have  developed  under  a  mid  and  short  grass  plant  associa- 
tion that  has  a  moderate  amount  of  big  sage  and  forbes.   Slope  gradients 
range  from  4  percent  with  many  short  steep  slopes  (35%)  along  natural  drains. 

Loamy  and  fine  loamy  soil  profiles  with  moderate  development  are  most  common. 
The  physical  and  chemical  properties  of  the  surface  few  inches  are  similar 
to  the  alluvial  soils.   The  lower  horizons  and  substrata  have  retained  many 
of  the  physical  and  chemical  properties  of  the  parent  material.   This  material 
is  usually  fine  textured,  slowly  permeable  and  saline.   It  retains  about  2 
inches  (51  mm)  of  available  water  per  foot  (.3  m) .   Surface  runoff  and  erosion 
are  in  part  slope  dependent  and  range  from  low  to  moderate. 

The  upper  12  (.3)  to  18  inches  (.46  m)  of  soil  are  well  suited  for  plant  media, 
It  may  be  placed  at  or  near  the  surface  of  reconstructed  profiles.   Lower 
horizons  are  best  suited  for  use  immediately  below  the  surface  layer  or  deeper, 
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Residual  Soils 

In  this  site  the  residual  soils  are  on  narrow  ridges,  knobs  and  steep 
and  eroded  slopes.   The  vegetative  cover  is  variable  and  reflects  the 
interaction  of  slowly  permeable  soils,  slope  gradient  and  the  resultant 
erosion.   Mid  and  short  grasses  are  most  common,  but  the  number  of  forbes 
and  salt-tolerant  sedges  and  shrubs  is  moderate.   Slope  gradients  range 
from  4  to  over  35  percent.   The  rate  of  erosion  is  usually  high. 

Soil  profile  development  is  minimal  and  the  physical  and  chemical 
properties  below  the  surface  3  (.08)  to  5  inches  (.13  m)  are  similar  to 
the  underlying  Fort  Union  Formation.   This  material  is  usually  soft  silty 
and  clayey  shales.   This  subsurface  material  is  fine-textured,  slowly 
permeable,  commonly  saline  and  sodic.   Slick  spots  occur  on  smooth  gentle 
slopes. 

A  composite  of  the  surface  6  inches  (.15  m) , the  approximate  minimum  stripping 
depth,  will  be  fair-to-good  for  use  as  plant  media.   Residual  soils  represent 
95  percent  of  the  site.   Raw  shale  exposures  and  rock  outcrops  are  included 
in  this  soil  type. 

Description  of  Classes 

Class  1  land  has  no  major  soil  and  or  topographic  limitations.  Topographically, 
this  land  is  well-suited  for  stripping  and  stockpiling  good  quality  over- 
burden for  use  as  plant  media.   The  physical  and  chemical  properties  of  this 
material  make  it  suitable  for  use  at  or  near  the  surface  of  reconstructed 
profiles.   Land  in  this  class  is  usually  a  good  source  of  topdressing  material. 
Excess  material  may  be  used  in  tracts  with  insufficient  good-quality  plant  media. 


Class  2  land  has  few  soil  and  topographic  limitations.   Topographically 

this  land  can  be  stripped  and  stockpiled  without  special  practices.   The 

suitability  of  this  material  for  use  as  plant  media  is  reduced  because 

of  texture,  permeability,  salinity  or  quantity.   Class  2  land  has  sufficient 

material  for  reclamation,  but  is  only  a  fair- to-poor  source  of  borrow  material 

Class  3  land  is  limited  by  topography  and  soils.   Special  measures  such  as 
selective  stripping  and  borrowing  topdressing  material  for  localized  tracts 
will  be  required.   Most  Class  3  land  will  have  sufficient  suitable  overburden 
for  reclamation.   However,  the  reclamation  potential  will  be  lower  because 
of  quantity,  texture,  permeability,  salinity  or  sodicity.   A  high  level  of 
management  will  be  required  for  optimum  reclamation  through  revegetation. 

Class  6  land  does  not  have  sufficient  suitable   overburden  for  reclamation. 
Material  must  be  borrowed  or  the  available  material  modified  for  optimum 
results.   The  topography  and  land  conditions  also  limit  stripping.   Steep 
eroded  slopes,  bluff-forming  sandstone  and  rock  outcrops  are  common. 
However,  selective  stripping  of  the  best  material  will  reduce  the  amount 
of  borrow  required. 
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BLM/BR  Cooperative  Program  EMRIA 

■ 


Tobie  4 

i nl ted  States 
Dept.  of  the  Interior 
Bureau  of  Reclamation 
Julv  1977 


Overburden  Characteristics 


Symbo  1  •* 
Ba  a 1 c   [nf orm 
Subclass     (» 

Deflc. 


SOILS  AND/OR  BEDROCK 
Textures 

Coarse 


Sandy  loame  to  clay  loams. 


Sandy  loam  to  alltv  clav  loam. 

Sandy  loams  sufflrlentlv  coarse 
to  sllfrhtlv  reduce  productivity, 
moisture  retention  and  mav 
increase  eroslveneas  slightly. 


Loamv  sand  to  clay. 

Loamy  sand  In  sufficient  quantity 
to  moderately  reduce  productivity 
and  moisture  retention,  and  may 
Increase  eroslveness  moderately. 


Profile  should  have  sufficient 
material  for  top  dressing; 
clavey  tvpe  materials  that  are 
raoderatelv  permeable  should  be 
placed  below  .15  ui  In  the 
reconstructed  prof  lie. 


Profile  should  have  sufflcant 
material  for  top  dressing; 
placement  of  clay  in  reconstruc- 
ted profile;  permeable  .25  m 
plus;  slowly  permeable  .75  o  plu:- 


1  m  of  overburden  that  Is 
suitable  for  plant  media. 


.5  m  of  overburden  that  Is 
suitable  for  plant  media. 


,25  m  of  overburden  that  is 
suitable  for  plant  media. 


CAR  not  to  exceed  9.0  In  clav  textured  material  but  may  be  20.0  in  lo 
higher  If  compensated  by  adequate  gvpsum. 


Values  mav  be 


Salinltv  (mB/cm) 


Overburden  with  characteristics  (chemical  and  phvslral)  capable  of  producing  an  expected 
electrical  conductivity  at  equilibrium  with  the  natural  precipitation  must  be  readily  available 
as  follows: 


Less  than  <• 


Less  than 
ace  .25  ra  m 


m  /c 
9t  be 


except  the 


Less  than  12  except  the 
surface  .25  m  must  be 
i*   m9/cm 


Available  Water  Holding  Capacity 
Hydraulic  Conductivity 


)8 


ro/.3m  foot  of  overhurden 


Adequate  to  provide  a  well 
drained  and  aerated  root 
zone  and  an  infiltration 
rate  adequate  to  prevent 
serious  erosion. 


.25  mm/ . 3m  of  overburden 

Slightly  restricted;  movement 
of  drainage  water  and  aeration 
in  the  lower  root  zone  will  be 
reduced.   Infiltration  rate  mav 
be  .reduced  and  erosion  hazard 
increase  slightly. 


.19  mm/. 3m  of  overburden 

Restricted  in  the  lover  root  zone 
and  Internal  drainage  may  limit 
choice  of  plant  species. 
Restricted  inf illtration  may 
create  serious  but  controllable 
erosion  hazard. 


Indurated  Sandstone 
Stones  and  cobble 


Permissible  stone  In  over 
burden  that  mav  be  stock- 


Permissible  stone  In  overburden 
that  may  be  stockpiled  and 


piled  and  reused  as  surface    reused  as  surface  soil  0  to 
soil  0  to  .25  m   52.         .25  m   10Z . 


Permissible  atone  in  overburden 
that  mav  be  stockpiled  and  reused 
as  surface  soil  0  to  .25  ra    20X. 


Weatherabllity  1/ 


Will  break  down  readllv 
upon  exposure  to  the 
weather. 


Mav  require  short  period  to 
break  down  upon  exposure. 


May  require  extended  period  to 
break  down. 


Erodibilitv 


Moderate,  controllable  with 
average  management  - 


Severe  but  controllable  with 
above  average  management  and 
selective  placement  of  overburden. 


TOPOGRAPHY  2/ 
Slope 


Permissible  surface  Permissible  surface  gradient  g  -    Permissible  surface  gradient  g 

gradient  g  -  0  to  121  with    0  -  202.  0  -  35%. 

smooth  slopes. 


Indurated  Sandstone 

Massive  and  lenticular 

Cover 


None. 

Not  applicable. 


I  t.   5?  ~r  are 


5  to  20Z  of  area 


(Present  drainage  conditions,  surface  and  subsurface)  are  not  a  factor  in  this  classification 
because  of  the  anticipated  land  disturbance  during  mining.   All  soil  properties  evaluated 
to  classify  the  land  were  also  considered  In  evaluating  material  that  may  be  placed  in  the 
subsurface  drainage  zone,  but  this  evaluation  did  not  affect  the  land  classes. 


1/   Applicable  only  to  unweathered  bedrock  material. 
2/  Not  applicable  to  unweathered  bedrock  material. 


Areas  delineated  in  this  class  generallv  lack  suitable  material  for  stripping  and  stockpiling 
for  surface  use.   One  or  a  combination  of  the  following  deficiencies  may  result  in  the  use  of 
this  class:   (1)  Insufficient  surface  soil  and  bedrock  of  suitable  quality  at  or  near  the  surface; 
(2)  topography  which  prevents  general  stripping  and  stockpiling;  (3)  rocklands  with  large  amounts 
of  massive  indurated  sandstone;  (4)  toxic  overburden  (soil  and  bedrock)  on  or  near  tha  surface. 
Reclamation  of  theae  lands  will  require  material  from  outside  the  delineated  area,  from  deep 
geologic  strata,  or  special  treatment  of  available  material. 


Methods  and  Procedures 

The  chemical  and  physical  properties  of  soil  profiles  were  evaluated 
in  typical  land  areas  and  the  land  classes  were  delineated  on  photo- 
graphs.  Most  profiles  were  sampled  for  testing  in  the  soil  laboratory. 
After  the  laboratory  tests  were  completed,  the  land  classes  were  finalized 
on  reproducible  drawings. 

Standard  laboratory  procedures  of  pH ,  conductivity  (salts),  water  move- 
ment, and  soil  stability  were  performed  on  all  samples.  Trace  elements 
and  heavy  metals  were  determined  on  the  bedrock  cores. 

Typical  profile  descriptions  are  recorded  on  Tables  6  and  8.   Erosion 
conditions  are  shown  on  Tables  5  and  7.   Tables  5  through  8  are  in  the 
Appendix. 

Results  of  Classification 

Class  1  land  occurs  on  15  percent  of  the  study  site.   This  loamy  textured 
material  is  of  good  quality  and  will  be  easily  stripped  and  stockpiled. 

Class  2  land  makes  up  only  22  percent  of  this  site.   The  major  soil 
deficiencies  are  salinity  and  permeability.   Sodium  and  rock  are  the  other 
deficiencies. 

Class  3  land  occurs  on  24  percent  of  the  area.   Soil  deficiencies  are 
sodicity,  salinity  and  permeability.   Some  slick  spots  and  rock  and  shale 
outcrops  are  included  in  this  class.   Some  borrow  will  be  required,  but 
resurfacing  material  is  adequate  in  most  tracts. 

Class  6  land  represents  39  percent  of  the  site.   Small  inclusions  of  good 
soil  occur,  but  it  is  doubtful  if  they  merit  selective  stripping. 

The  location  and  areal  distribution  of  the  land  classes  are  shown  on 
Plate  5.   This  drawing  also  shows  the  soil  and  topographic  deficiencies. 

Results  of  the  screenable  tests  in  the  soil  laboratory  are  recorded  on 
Table  9  in  the  Appendix. 

Plate  6  shows  the  location  and  the  approximate  depth  of  the  topsoiling 
material.   Plate  7  shows  the  depth,  quantity  and  quality  of  material 
suitable  for  subsurface  placement. 
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Soil  Inventory 

The  Powder  River  Area  soil  survey  data  is  shown  on  Plate  8.   The 
slope  limitations  and  map  symbols  used  by  the  Soil  Conservation 
Service  are  shown.   The  acreage  and'  percent  of  the  study  site 
occupied  by  each  series  is  tabulated  on  this  Plate. 

Reclamation  Potential 

The  conditions  in  this  site  are  adequate  for  reclaiming  this  land 
if  the  site  is  surface  mined.   The  soil  and  topographic  conditions 
are  best  suited  for  returning  the  site  to  range.   Adding  borrow 
material  to  class  6s  and  6st  tracts  is  necessary  for  satisfactory 
reclamation.   However,  profile  enhancement  and  increased  range 
production  under  post-mining  conditions  are  possible  on  a  limited 
amount  of  land. 

To  achieve  maximum  or  optimum  productivity  levels  under  post-mining 
conditions,  the  following  measures  should  be  considered  and  used 
where  applicable:  (1)  Add  borrow  material  to  some  class  3s  and  3st 
tracts,  (2)  Class  6  land  must  receive  additional  topdressing  material 
and  (3)  strip  and  stockpile  all  suitable  overburden  for  topdressing 
reshaped  spoils.   The  quantity  of  this  material  would  be  determined 
by  the  post-mining  goals  of  optimum  or  maximum  productivity.   Other 
measures  that  should  be  considered  and  used  where  applicable  are 
(1)  slope  reduction  and  (2)  reduce  the  number  of  moderately  steep 
south  and  southwest  facing  slopes. 

Regardless  of  the  goal  selected,  the  mining  plan  should  also  provide 
for  the  use  of  current  approved  land  preparation  and  planting  methods. 
Plant  species,  that  are  compatible  with  the  land  conditions,  should  be 
selected  from  an  approved  list. 

The  40  acre  tract  now  producing  small  grains  can  be  returned  to  this 
capability  level.   There  may  be  a  few  additional  small  tracts  (10  to  40) 
acres  that  could  be  made  suitable  for  small  grain  production  in  this  site, 
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